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determination is affirmative, a preparation signal that is
a control signal for starting the preparation for the work
scheduled to be performed by the work machine.
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Description
Technical field

[0001] The presentinvention relates to a remote oper-
ation assistance device and a remote operation assist-
ance system that assist remote operation that is per-
formed by operating a work machine by an operator op-
erating a remote operation device.

Background Art

[0002] There has been known a remote operation sys-
tem for a work machine that is characterized to control
the work machine to a standby state when a failure occurs
(see, for example, Patent Literature 1).

Citation List
Patent Literature

[0003] Patent Literature 1: Japanese Patent Applica-
tion Laid-Open No. 2015-192163

Summary of Invention
Technical Problem

[0004] In Patent Literature 1, when a failure occurs in
the remote operation system, the work machine is con-
trolled to the standby state, which makes it possible to
avoid the situation where the operator operates the work
machine.

[0005] The remote operation system for a work ma-
chine may perform a first work that is performed with a
first work machine as a target of remote operation and a
second work that is performed with a second work ma-
chine as a target of remote operation by switching the
remote operation target from the first work machine to
the second work machine. In order to smoothly get to the
second work, it is necessary to make a preparation, such
as changing the position or the attitude of the second
work machine in accordance with the situation immedi-
ately before the start of the second work. However, when
an operator, who performs the first work by remote op-
eration of the first work machine, attempts to perform a
preparation for the second work by the second work ma-
chine in addition to and in parallel to the first work, the
work efficiency of the first work is deteriorated and the
second operation becomes less prepared. When the op-
erator starts to perform the second work without prepa-
ration, the work efficiency at the start of the second work
is deteriorated.

[0006] In view of such background circumstances, an
object of the present invention is to provide a remote
operation assistance device configured to, when work is
performed by selectively switching a target of remote op-
eration to a plurality of work machines, move the work

10

15

20

25

30

35

40

45

50

55

machines to positions suitable for prescribed work or
change the attitude of the work machines suitable for the
prescribed work in advance.

Solution to Problem

[0007] In order to accomplish the above object, the
present invention includes a first assistance processing
element. The first assistance processing element is con-
figured to execute a first assistance process that is a
process of acquiring schedule information that is infor-
mation including a content of a first work that is the work
performed by the first work machine from a database
storing the schedule information, determining based on
the schedule information whether or not a preparation
condition is satisfied, the preparation condition being a
condition for causing the first work machine to start prep-
aration for the first work, and transmitting, when the de-
termination is affirmative, a preparation signal that is a
control signal for starting preparation for the first work to
the first work machine.

(Operational Effects)

[0008] According to the present invention, the first as-
sistance processing element determines based on the
schedule information whether or not a preparation con-
dition is satisfied, and transmits, when the determination
is affirmative, a preparation signal to the work machine,
the preparation signal being a control signal for starting
preparation for the work scheduled to be performed by
the work machine. This starts the control of the work ma-
chine that is a target of remote operation such that the
work machine moves to a position suitable for the work
in advance or to take an attitude suitable for the work in
advance. This allows an operator to immediately get to
the work as compared with the case of performing the
work by operating an unprepared machine, and therefore
work efficiency can be enhanced.

Brief Description of Drawings
[0009]

FIG. 1is an explanatory view about the configuration
of a remote operation assistance system as an em-
bodiment of a remote operation assistance device
configured according to the present invention.

FIG. 2is an explanatory view about the configuration
of a database.

FIG. 3is an explanatory view about the configuration
of a remote operation device.

FIG. 4 is an explanatory view about the configuration
of a work machine.

FIG. 5 is an explanatory view about the functions of
afirst assistance processing element as one embod-
iment of the remote operation assistance device con-
figured according to the present invention.
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FIG. 6 is an explanatory view about functions of a
second assistance processing element as one em-
bodiment of the remote operation assistance device
configured according to the present invention.

FIG. 7 is an explanatory view of preparation control
as another embodiment of the present invention.
FIG. 8A is an explanatory view of the preparation
control as another embodiment of the presentinven-
tion.

FIG. 8B is an explanatory view of the preparation
control as another embodiment of the presentinven-
tion.

FIG. 9A is an explanatory view of the preparation
control as another embodiment of the presentinven-
tion.

FIG. 9B is an explanatory view of the preparation
control as another embodiment of the presentinven-
tion.

FIG. 10 is an explanatory view of the preparation
control as another embodiment of the presentinven-
tion.

FIG. 11 is an explanatory view of preparation control
as another embodiment of the present invention.
FIG. 12 is an explanatory view of preparation control
as another embodiment of the present invention.
FIG. 13 is an explanatory view of preparation control
as another embodiment of the present invention.

Description of Embodiments
(Configuration of Remote Operation Assistance System)

[0010] A remote operation assistance system as an
embodiment of a remote operation assistance device
100, configured according to the presentinvention shown
in FIG. 1, includes a remote operation assistance server
10, and a remote operation device 20 for remote opera-
tion of a work machine 40. The remote operation assist-
ance server 10, the remote operation device 20, and the
work machine 40 are configured to allow network com-
munication with each other. An intercommunication net-
work between the remote operation assistance server 10
and the remote operation device 20 may be identical to
ordifferent from an intercommunication network between
the remote operation assistance server 10 and the work
machine 40.

[0011] The number of the work machines 40 may be
one or more. When there are more than one work ma-
chine 40, a first work machine 40A and a second work
machine 40B may be present. The first work machine
40A is a main target of remote operation by an operator.
The second work machine 40B becomes a target of re-
mote operation by the operator interrupting the remote
operation of the first work machine 40A and switching
the target of remote operation from the first work machine
40A. The first work machine 40A and the second work
machine 40B may be present in an identical work site or
in different work sites. The types of the work machines
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40 may be identical or may be different.

[0012] For example, the operator can remotely control
the first work machine 40A mainly for a slope formation
work. In the case where a cooperative work machine 50,
which is a dump truck, sometimes comes to the vicinity
of the second work machine 40B, the operator can switch
the work machine as a target of remote operation from
the first work machine 40A to the second work machine
40B each time the dump truck comes, and can thereby
perform a loading work that is a work of loading soil and
sand into the dump truck. The first work machine 40A
and the second work machine 40B may be presentin an
identical work site (the first work machine 40A and the
second work machine 40B are present in a work site A),
or may be present in different work sites (the first work
machine 40Ais presentin the work site A, and the second
work machine 40B is present in a work site B different
from the work site A).

[0013] The "remote operation” is a concept indicating
an operator operating the work machine 40 at a position
distanced from the work machine 40 without riding on
the work machine 40.

[0014] The "operator"is a concept indicating a person
who operates the work machine 40 by operating the re-
mote operation device 20.

(Configuration of Remote Operation Assistance Server)

[0015] The remote operation assistance server 10 in-
cludes the remote operation assistance device 100, a
database 110, and a server wireless communication de-
vice 122. The remote operation assistance device 100
includes a first assistance processing element 101, and
a second assistance processing element 102. Each of
the assistance processing elements, which is constituted
of a computation processing device (a single-core proc-
essor, or a multi-core processor or a processor core con-
stituting the multi-core processor), reads necessary data
and software from memory or other storage devices, and
performs later-described computation processing on the
data according to the software.

[0016] The database 110 stores and retains an at-
tribute of the work machine 40, an operation schedule of
the work machine 40, position information on a work site
where the work machine 40 is operated, position infor-
mation on a work target area 80, which is an area in the
work site where there is a work object that is a target of
the work performed by the work machine 40, image data
obtained by imaging the environment of the work site
where the work machine 40 is operated, image data of
the cooperative work machine 50, and the like.

[0017] The database 110 also stores and retains, as
the attribute of the work machine 40, information indicat-
ing that the work machine 40 is a hydraulic excavator,
information about the name of the manufacturer, infor-
mation on serial number, and the like.

[0018] The database 110 may also store and retain,
as the operation schedule of the work machine 40, the
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content of the work to be performed by the work machine
40, start time of the work to be performed by the work
machine 40, end time of the work to be performed by the
work machine 40, information about the time when the
work machine 40 is not in use, and the like.

[0019] Thedatabase 110 may also store and retain the
attribute of the work machine 40 in association, the op-
eration schedule of the work machine 40, the position
information on the work site where the work machine 40
is operated, the image data obtained by imaging the en-
vironment of the work site where the work machine 40 is
operated, and the like.

[0020] When there are more than one work machine
40 (for example, the first work machine 40A and the sec-
ond work machine 40B), the database 110 stores and
retains the attribute of each of the work machines 40, the
operation schedule of each of the work machines 40, the
position information on the work site where each of the
work machines 40 is operated, and the image data ob-
tained by imaging the environment of the work site where
each of the work machine 40 is operated, and the like.
[0021] For example, as shown in FIG. 2, the database
110 stores and retains, as information about the first work
machine 40A, information about the name of an operator
who uses the firstwork machine 40A, position information
on a work site where the first work machine 40A is oper-
ated, a work name (slope formation) of the first work per-
formed by the first work machine 40A, start time (10:00,
13:00) of the work name of the first work performed by
the first work machine 40A, end time (12:00, 18:00) of
the work name of the first work performed by the first
work machine 40A, and time (12:00 to 13:00) when the
first work machine 40A is not in use in association with
each other.

[0022] The database 110 also stores and retains, as
information about the second work machine 40B, infor-
mation about the name of an operator who uses the sec-
ond work machine 40B, position information on a work
site where the second work machine 40B is operated, a
work name (channel excavation work) of the second work
performed by the second work machine 40B, start time
(13:00) of the second work performed by the second work
machine 40B, end time (18:00) of the work name of the
second work performed by the second work machine
40B, and time (10:00 to 13:00) when the second work
machine 40B is not in use in association with each other.
[0023] Accordingly, since the database 110 stores and
retains at least the information about the start time of the
first work and the start time of the second work, the first
assistance processing element 101 can read the infor-
mation about the start time of the first work from the da-
tabase 110 and transmit a command signal to the first
work machine 40A so as to move the first work machine
40A to the position suitable for the first work or changes
the attitude of the first work machine 40A so as to be
suitable for the first work by the start time of the first work.
[0024] Similarly, the first assistance processing ele-
ment 101 can read the information about the start time
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of the second work from the database 110 and transmit
a command signal to the second work machine 40B so
as to move the second work machine 40B to the position
suitable for the second work or change the attitude of the
second work machine 40B so as to be suitable for the
second work by the start time of the second work.

(Configuration of Remote Operation Device)

[0025] The remote operation device 20 includes a re-
mote control device 200, a remote input interface 210,
and a remote output interface 220. The remote control
device 200, which is constituted of a computation
processing device (a single-core processor, or a multi-
core processor or a processor core constituting the multi-
core processor), reads necessary data and software from
memory or other storage devices, and performs later-
described computation processing on the data according
to the software. The remote input interface 210 includes
a remote operation mechanism 211. The remote output
interface 220 includes an image output device 221 and
a remote wireless communication device 222.

[0026] The remote operation mechanism 211 includes
a travel operation device, a turning operation device, a
boom operation device, an arm operation device, and a
bucket operation device. Each of the operation devices
has an operation lever that receives a rotating operation.
The operation lever (travel lever) of the travel operation
device is operated to move a lower traveling body 450.
The travel lever may also function as a travel pedal. For
example, the travel pedal may be provided so as to be
fixed to a base part or alower end part of the travel lever.
The operation lever (turning lever) of the turning opera-
tion device is operated to move a hydraulic turning motor,
which constitutes a turning mechanism 430. The opera-
tion lever (boom lever) of the boom operation device is
operated to move a boom cylinder 442 of the work ma-
chine 40. The operation lever (arm lever) of the arm op-
eration device is operated to move an arm cylinder 444
of the work machine 40. The operation lever (bucket le-
ver) of the bucket operation device is operated to move
a bucket cylinder 446 of the work machine 40.

[0027] Each of the operation levers constituting the re-
mote operation mechanism 211 is arranged, forexample,
around a seat St for the operator to sit on as shown in
FIG. 3. Although the seat St has a form of a high-back
chair with armrests, the operator can sit on the seat St
having a form of low-back chair without a headrest or a
form of a chair without a back, etc. The seat St may have
a seating part in any form.

[0028] In front of the seat St, a pair of right and left
travel levers 2110, corresponding to right and left crawl-
ers, are arranged laterally in a row. A single operation
lever may function as a plurality of operation levers. For
example, a left-side operation lever 2111, provided on
the front side of a left-side frame of the seat St shown in
FIG. 3, may function as an arm lever when operated in
afront-rear direction, and may function as a turning lever
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when operated in a right-left direction. Similarly, a right-
side operation lever 2112, provided on the front side of
a right-side frame of the seat St shown in FIG. 3, may
function as a boom lever when operated in the front-rear
direction, and may function as a bucket lever when op-
erated in the right-left direction. The lever pattern may
be optionally changed in response to operation instruc-
tions by the operator.

[0029] As shown in FIG. 3, the image output device
221 is constituted of, for example, a central image output
device 2210 arranged in front of the seat St, a left-side
image output device 2211 arranged on a diagonally left
front side of the seat St, and a right-side image output
device 2212 arranged on a diagonally right front side of
the seat St, the image output devices each having a sub-
stantially rectangular screen. The screens (image display
regions) of the central image output device 2210, the left-
side image output device 2211, and the right-side image
output device 2212 may be identical in shape and size
to each other or may be different in shape and size from
each other.

[0030] Asshown in FIG. 3, aright edge of the left-side
image output device 2211 is adj acent to a left edge of
the centralimage output device 2210 such thatthe screen
of the central image output device 2210 and the screen
of the left-side image output device 2211 form an incli-
nation angle 61 (forexample, 120° <61 <150°). As shown
in FIG. 3, a left edge of the right-side image output device
2212 is adj acent to a right edge of the central image
output device 2210 such that the screen of the central
image output device 2210 and the screen of the right-
side image output device 2212 form an inclination angle
02 (forexample, 120° <062 <150°). The inclination angles
01 and 62 may be identical or different.

[0031] The screens of the central image output device
2210, the left-side image output device 2211 and the
right-side image output device 2212 may each be parallel
to a perpendicular direction, and may be inclined in the
perpendicular direction. At least one image output de-
vice, out of the centralimage output device 2210, the left-
side image output device 2211, and the right-side image
output device 2212, may be constituted of an image out-
put device divided into a plurality of segments. For ex-
ample, the centralimage output device 2210 may be con-
stituted of a pair of image output devices adjacentin an
up-down direction, the image output devices each having
a substantially rectangular screen. The image output de-
vice 221 (the central image output device 2210, the left-
side image output device 2211 and the right-side image
output device 2212) may each further include a speaker
(audio output device).

(Configuration of Work Machine)

[0032] The term "work machine 40" refers to a work
vehicle operable in work sites. The work machine 40 in-
cludes at least one of construction machines capable of
pressing or excavating soil and sand. The construction
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machines are hydraulic excavators with a bucket, and
bulldozers with a blade, for example.

[0033] The work machine 40 is, for example, a crawler
shovel (construction machine). As shown in FIG. 4, the
work machine 40 includes a crawler-type lower traveling
body 450 and an upper turning body 460 turnably mount-
ed on the lower traveling body 450 through a turning
mechanism 430. In a front left-side part of the upper turn-
ing body 460, a cab 424 (operator cab) is provided. In a
front center part of the upper turning body 460, an actu-
ating mechanism 440 is provided.

[0034] An actual machine input interface 410 includes
an actual machine operation mechanism 411, an actual
machine imaging device 412, an actual machine posi-
tioning device 414, and a cooperative positioning device
416. The actual machine operation mechanism 411 in-
cludes a plurality of operation levers provided around a
seat arranged inside the cab 424 as in the remote oper-
ation mechanism 211. The cab 424 is provided with a
drive mechanism or a robot which receives signals cor-
responding to operation modes of remote operation le-
vers and move actual machine operation levers based
on the received signals. The actual machine imaging de-
vice 412 is installed, for example, inside the cab 424 to
image the environment including at least part of the ac-
tuating mechanism 440 through a front window and a
pair of right and left side windows which are partitioned
by a pair of left and right pillars 4240 (with characters "L"
and "R" added to distinguish left and right) on the front
side of the cab 424. Some or all of the front window and
the side windows may be omitted. The actual machine
positioning device 414, which is a device that detects the
position of the work machine 40, is constituted of a global
navigation satellite system (GNSS) receiver, for exam-
ple.

[0035] The cooperative positioning device 416 has a
function to identify the position of the cooperative work
machine 50 described later. The cooperative positioning
device 416 can be constituted of, for example, the actual
machine imaging device 412, and a camera and a sensor
(aranging sensor) other than the actual machine imaging
device 412, which can obtain information about the work-
ing environment. The cooperative positioning device 416
identifies the position of the cooperative work machine
50 relative to the work machine 40 by detecting the shape
and size of the cooperative work machine 50 from these
camera or sensor.

[0036] The actual machine output interface 420 in-
cludes an actual machine wireless communication de-
vice 422. Information about the position of the work ma-
chine 40 detected by the actual machine positioning de-
vice 414 is transmitted to the remote operation assist-
ance server 10 through the actual machine wireless com-
munication device 422.

[0037] Work attachments as the actuating mechanism
440 include a boom 441 fitted to the upper turning body
460 in a vertically movable manner, an arm 443 rotatably
coupled to the tip of the boom 441, and a bucket 445
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rotatably coupled to the tip of the arm 443. The actuating
mechanism 440 is fitted with a boom cylinder 442, an
arm cylinder 444, and a bucket cylinder 446, which are
constituted of extendable hydraulic cylinders.

[0038] The boom cylinder 442 is interposed between
the boom 441 and the upper turning body 460 such that
the boom cylinder 442 extends and retracts upon receiv-
ing supply of hydraulic oil and thereby rotates the boom
441 in a vertically moving direction. The arm cylinder 444
is interposed between the arm 443 and the boom 441
such that the arm cylinder 444 extends and retracts upon
receiving supply of hydraulic oil and thereby rotates the
arm 443 around a horizontal axis with respect to the boom
441. The bucket cylinder 446 is interposed between the
bucket 445 and the arm 443 such that the bucket cylinder
446 extends and retracts upon receiving supply of hy-
draulic oil and thereby rotates the bucket 445 around a
horizontal axis with respect to the arm 443.

(Configuration of Cooperative Work Machine)

[0039] The cooperative work machine 50 is a work ma-
chine that cooperates with the work machine 40. For ex-
ample, the cooperative work machine 50 is a dump truck
with a loading platform. The cooperative work machine
50 has a cooperative control device 500, a cooperative
input interface 510, a cooperative output interface 520,
and a cooperative actuating mechanism 540 (for exam-
ple, a loading platform).

[0040] The cooperative work machine 50 is operated
by an operator riding on the cooperative work machine
50, the operator being different from the operator who
remotely controls the work machine 40 using the remote
operation device 20.

[0041] The cooperative work machine 50 includes a
loading platform, a vehicle body that supports the loading
platform, and a traveling device that performs traveling
while supporting the vehicle body.

[0042] The loading platform can carry soil and sand.
The cooperative work machine 50 is, for example, a rear
dump-type truck comprising a gate at a rear part of the
loading platform, the gate being configured to open when
the front side of the loading platform is raised high while
the loading platform is inclined backwards.

[0043] The traveling device has wheels, and when the
wheels turn, the cooperative work machine 50 can travel.

(Function)

[0044] The function of the above-configured remote
operation assistance systemwill be described using flow-
charts shown in FIGS. 5 and 6. In the flowchart, blocks
prefixed by "C" are used to simplify the description. These
blocks signify both or one of data transmission and data
reception, and signify condition branches where a proc-
ess in a branching direction is executed, with both or one
of the data transmission and the data reception as a con-
dition.
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[0045] With the flowchart shown in FIG. 5, the first as-
sistance process in the present embodiment will be de-
scribed. The first assistance process is a process that is
executed to move the work machine 40 to a position suit-
able for work in advance or to change the attitude of the
work machine 40 so as to be suitable for work in advance.
[0046] The remote operation device 20 determines the
presence or absence of first designation operation by the
operator through the remote input interface 210 (STEP
211 in FIG. 5). The "first designation operation" is, for
example, operation such as the operator tapping, push-
ing, pinching, and swiping in the remote input interface
210 to designate the work machine 40 as an intended
machine for remote operation in the image output device
221.

[0047] Another example of the "first designation oper-
ation" may be operation such as the operator tapping,
pushing, pinching, and swiping in the remote input inter-
face 210 to designate the work as an intended work in
the image output device 221. When the determination
resultis negative (NO in STEP 211 in FIG. 5), the remote
operation device 20 ends the process. On the other hand,
when the determination result is affirmative (YES in
STEP 211 in FIG. 5), the remote operation device 20
transmits a preparation request to the remote operation
assistance server 10 through the remote wireless com-
munication device 222 (STEP 212 in FIG. 5).

[0048] When the remote operation assistance server
10 receives the preparation request (YES in STEP 111
in FIG. 5), the first assistance processing element 101
reads and acquires the schedule information from the
database 110 (STEP 112 in FIG. 5). When the determi-
nation result is negative (NO in STEP 111 in FIG. 5), the
remote operation assistance server 10 repeats the de-
termination process of STEP 111.

[0049] Based on the acquired schedule information,
the first assistance processing element 101 determines
whether or not a preparation condition is satisfied, the
preparation condition being a condition for allowing the
work machine 40 to make a preparation for the work
scheduled to be performed by the work machine 40
(STEP 113).

[0050] In STEP 113, for example, the first assistance
processing element 101 acquires information about the
current time for the first work machine 40A, and deter-
mines whether or not the current time is a time point that
is prescribed time (for example, 10 minutes) before the
start time of the first work (for example, 10:00).

[0051] As shown in FIG. 2, when the current time is
time t1 (for example, 9:50) that is prescribed time before
the start time (for example, 10:00) of the first work (for
example, a slope formation work performed by the first
work machine 40A in the morning), the first assistance
processing element 101 determines that the preparation
condition is satisfied. Meanwhile, when the current time
is a time point (for example, 9:40) that is before time t1
that is prescribed time before the start time (for example,
10:00) of the first work (for example, the slope formation
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work performed in the morning), then the determination
result is negative (NO in STEP 113 in FIG. 5), and the
first assistance processing element 101 repeats the de-
termination process of STEP 113.

[0052] As another example of STEP 113, the first as-
sistance processing element 101 may acquire informa-
tion about the current time for the second work machine
40B, and determine whether or not the current time is a
time point that is prescribed time (for example, 10 min-
utes) before the start time (for example, 13:00) of the
second work. When the current time is time point t3 (for
example, 12:50) shown in FIG. 2, and time point t3 is
time t3 (for example, 12:50) that is prescribed time (for
example, 10 minutes) before the start time (for example,
13:00) of the second work (for example, a loading work
sometimes performed by interrupting the first work by the
operator), the first assistance processing element 101
determines that the preparation condition is satisfied. On
the other hand, when the current time is a time point (for
example, 12:40) that is before time t3 that is prescribed
time (for example, 10 minutes) before the start time (for
example, 13:00) of the second work (for example, a load-
ing work sometimes performed by interrupting the first
work by the operator), the determination resultis negative
(NO in STEP 113 in FIG. 5), and the first assistance
processing element 101 repeats the determination proc-
ess of STEP 113.

[0053] When the determination in STEP 113 is affirm-
ative (YES in STEP 113 in FIG. 5), the first assistance
processing element 101 transmits a preparation com-
mand to the work machine 40 (STEP 114). Meanwhile,
when the determination result is negative (NO in STEP
113 in FIG. 5), the first assistance processing element
101 repeats the determination process.

[0054] The processes of STEP 112 to STEP 114 de-
scribed above are the concept of the first assistance proc-
ess in the present embodiment.

[0055] When the work machine 40 receives the prep-
aration signal (YES in STEP 411 in FIG. 5), the work
machine 40 performs preparation control that is the con-
trol to start preparation for the work scheduled to be per-
formed by the work machine 40 (STEP 412 in FIG. 5).
Meanwhile, when the determination result is negative
(NOin STEP 411inFIG. 5), the work machine 40 repeats
the determination process of STEP 411.

[0056] InSTEP 412, the work machine 40 starts to per-
form control so as to move to the position suitable for the
work in advance or to change the attitude suitable for the
work in advance. This allows the operator to immediately
get to the work as compared with the case of performing
the work by operating an unprepared machine, so that
work efficiency can be enhanced.

[0057] Forexample, when, in STEP 412, the first work
machine 40A waiting in the vicinity of a work target area
80 (for example, a slope 80A) is scheduled to perform
the slope formation work in the work target area 80 (for
example, the slope 80A), the first work machine 40A
starts to travel toward an area in the work site ((north
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latitude XX, east longitude YY)) where the work target
area 80 (for example, the slope 80A) ((north latitude w,
east longitude z)) is present.

[0058] Although an example in which the first work ma-
chine 40A travels toward the work target area 80 (for
example, the slope 80A) is shown as an example of the
preparation control, examples of the preparation control
are not limited to the example described. As another ex-
ample of the preparation control, the first work machine
40A after moving to the work target area 80 (for example,
the slope 80A) may turn the upper turning body 460A so
as to direct the actuating mechanism 440A in advance
in the direction where the work target area 80 (for exam-
ple, the slope 80A) is present.

[0059] Although an example in which the first work ma-
chine 40A performs the preparation control is shown as
an example of the preparation control, examples of the
preparation control are not limited to the example de-
scribed. For example, as another example of the prepa-
ration control, when, the second work machine 40B wait-
inginthe vicinity ofa channel 80B is scheduled to perform
an excavation work at the channel 80B, second work
machine 40B starts to travel toward the channel 80B
((north latitude a, east longitude b)) where a hole as a
target of the excavation work is present, in an area of the
work site ((north latitude AA, east longitude BB)).
[0060] Although an example in which the second work
machine 40B travels toward the channel 80B has been
shown as an example of the preparation control, exam-
ples of the preparation control are not limited to the ex-
ample described. As another example of the preparation
control, the second work machine 40B may turn the upper
turning body 460B with respectto the lower traveling body
450 so as to direct the actuating mechanism 440B in
advance in the direction where the channel 80B is
present.

[0061] Although an example in which the second work
machine 40B turns the upper turning body 460B with re-
spect to the lower traveling body 450 so as to direct the
actuating mechanism 440B in advance in the direction
where the channel 80B is present has been shown as an
example of the preparation control, examples of the prep-
aration control are not limited to the example described.
As another example of the preparation control, there may
be a control example in which the second work machine
40B excavates the channel 80B in the direction where
the second work machine 40B is present in order to ex-
tend the length of the channel 80B.

[0062] In this example, as shown in FIG. 8A, the chan-
nel 80B is already excavated, and in this state, prepara-
tion control is performed to operate the lower traveling
body 450 of the second work machine 40B so as to move
the second work machine 40B to the position in the vi-
cinity of the channel 80B in order to further excavate the
channel 80B in the direction where the second work ma-
chine 40B is present. This makes it possible to position
the actuating mechanism 440B at a proximal-end side of
the channel 80B in advance. (Note that one end of the
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channel 80B closer to the second work machine 40B is
referred to as the proximal-end side.)

[0063] This allows the operator to excavate at the prox-
imal-end side of the channel 80B using the actuating
mechanism 440B (bucket 445B) immediately after the
target of remote operation is changed from the first work
machine 40A to the second work machine 40B.

[0064] In this case, it is also possible to execute the
control of turning the upper turning body 460B with re-
spect to the lower traveling body 450B to ensure that the
actuating mechanism 440B is surely directed in the di-
rection where the channel 80B is present.

[0065] When the preparation for the work is finished,
the work machine 40 transmits a preparation end signal,
which is a signal including a signal of notifying the oper-
ator of the completion of the preparation for the work, to
the remote operation assistance server 10 through the
actual machine wireless communication device 422
(STEP 413 in FIG. 5).

[0066] In the remote operation assistance server 10,
when the first assistance processing element 101 re-
ceives the preparation end signal (YES in STEP 115 in
FIG. 5), the first assistance processing element 101
transmits the preparation end signal to the remote oper-
ation device 20 (STEP 116 in FIG. 5). On the other hand,
when the determination result is negative (NO in STEP
115 in FIG. 5), the first assistance processing element
101 repeats the determination process of STEP 115.
[0067] In the remote operation device 20, when the
remote control device 200 receives the preparation end
signal (YES in STEP 213 in FIG. 5), the remote control
device 200 performs notification control that is control for
notifying the operator of the information about the com-
pletion of the preparation for the work performed by the
work machine 40 (STEP 214 in FIG. 5). For example, the
remote control device 200 executes a control process for
displaying a text message "Preparation of work machine
40 is finished" on the image output device 221 as the
notification control. Of course, the text message dis-
played on the image output device 221 is not limited to
this example.

[0068] Although a text message is displayed on the
image outputdevice 221 as an example of the notification
control, the notification control is not limited to this exam-
ple. As another example of the notification control, a voice
message "Preparation of work machine 40 is finished"
may be output from a speaker provided in the image out-
put device 221. Of course, the voice message output
from a speaker provided in the image output device 221
is not limited to this example.

[0069] On the other hand, when the determination re-
sult is negative (NO in STEP 213 in FIG. 5), the remote
control device 200 repeats the determination process in
STEP 213.

[0070] With the flowchart shown in FIG. 6, the second
assistance process in the present embodiment will be
described. The second assistance process is a process
to assist the remote operation of the work machine 40
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actually performed by the operator using the remote op-
eration mechanism 211.

[0071] In the remote operation device 20, the remote
control device 200 determines the presence or absence
of second designation operation by an operator through
the remote input interface 210 (STEP 211 in FIG. 6). The
"second designation operation" is, for example, opera-
tion, such as the operator tapping, pushing, pinching, and
swiping in the remote input interface 210 in the image
output device 221 to designate the work machine 40 as
an intended machine for remote operation. When the de-
termination result is negative (NO in STEP 221 in FIG.
6), the remote control device 200 repeats the process of
determining the presence or absence of the designation
operation and onward. On the other hand, when the de-
termination result is affirmative (YES in STEP 221in FIG.
6), the remote control device 200 transmits an environ-
ment confirmation request to the remote operation as-
sistance server 10 through the remote wireless commu-
nication device 222 (STEP 222 in FIG. 6).

[0072] When the remote operation assistance server
10 receives the environment confirmation request, the
second assistance processing element 102 transmits the
environment confirmation request to a pertinentwork ma-
chine 40 (C 10 in FIG. 6).

[0073] When the work machine 40 receives the envi-
ronment confirmation request through the actual ma-
chine wireless communication device 422 (C40 in FIG.
6), the actual machine control device 400 acquires a tak-
enimage through the actual machine imaging device 412
(STEP 421 in FIG. 6). The actual machine control device
400 transmits taken image data representing the taken
image to the remote operation assistance server 10
through the actual machine wireless communication de-
vice 422 (STEP 422 in FIG. 6).

[0074] When the second assistance processing ele-
ment 102 receives the taken image data in the remote
operation assistance server 10 (C11 in FIG. 6), the sec-
ond assistance processing element 102 transmits the
taken image data to the remote operation device 20
(STEP 121in FIG. 6). The second assistance processing
element 102 may transmit, to the remote operation de-
vice 20, environment image data representing a simulat-
ed environment image generated based on the taken im-
age, in place of the taken image data. In this case, the
second assistance processing element 102 may transmit
to the remote operation device 20 a command to divide
and display the taken image data on the central image
output device 2210, the left-side image output device
2211, and the right-side image output device 2212.
[0075] In the remote operation device 20, when the
remote control device 200 receives the taken image data
through the remote wireless communication device 222
(C21 in FIG. 6), the remote control device 200 controls
a mode of dividing and displaying a taken image corre-
sponding to the taken image data on the central image
output device 2210, the left-side image output device
2211, and the right-sideimage output device 2212 (STEP
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223 in FIG. 6).

[0076] In the remote operation device 20, the remote
control device 200 recognizes an operation mode of the
remote operation mechanism 211 (STEP 224 in FIG. 6),
and the remote control device 200 transmits a remote
operation command corresponding to the operation
mode to the remote operation assistance server 10
through the remote wireless communication device 222
(STEP 225 in FIG. 6).

[0077] In the remote operation assistance server 10,
when the second assistance processing element 102 re-
ceives the remote operation command, the second as-
sistance processing element 102 transmits the remote
operation command to the work machine 40 (C12in FIG.
6).

[0078] In the work machine 40, when the actual ma-
chine control device 400 receives the operation com-
mand through the actual machine wireless communica-
tion device 422 (C42 in FIG. 6), the actual machine con-
trol device 400 controls operation of the actuating mech-
anism 440 or the like (STEP 423 in FIG. 6). For example,
awork of scooping up the soil in front of the work machine
40 by the bucket 445, turning the upper turning body 460,
and then dropping the soil from the bucket 445 is exe-
cuted.

(Other Embodiments of Present Invention)

[0079] Inthe above embodiment, an example in which
the first assistance processing element 101 transmits a
preparation signal to the work machine 40 based on the
schedule information (for example, information about the
start time of the work) has been described. However, the
present invention is not limited to such an example. For
example, there may be an example in which the first as-
sistance processing element 101 acquires information
about a distance between the second work machine 40B
and the cooperative work machine 50, and the first as-
sistance processing element 101 transmits a preparation
signal to the second work machine 40B.

[0080] Such another embodiment will be described
with reference to FIGS. 2 and 7. The processing flow
identical to that in the above embodiment is designated
by identical STEP numbers to omit description as appro-
priate.

[0081] As shown in FIG. 2, the database 110 stores
and retains, as the operation schedule of the work ma-
chines 40, the first work (a slope formation work) per-
formed by the first work machine 40A after 13:00 and the
second work (for example, a channel excavation work
sometimes performed by the operator interrupting the
first work) performed by the second work machine 40B.
[0082] The remote operation device 20 determines
whether or not the first work is in operation (STEP 231
in FIG. 7). Examples of the first work in operation may
include a case where the current time is prescribed time
(13:00 to 18:00) and the remote operation device 20 has
an established communication that allows remote oper-
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ation of the first work machine 40A. When the determi-
nation result is negative (NO in STEP 231 in FIG. 7), the
remote operation device 20 ends the process. On the
other hand, when the determination result is affirmative
(YESin STEP 231inFIG.7), the remote operation device
20 transmits a preparation request to the remote opera-
tion assistance server 10 through the remote wireless
communication device 222 (STEP 232 in FIG. 7).
[0083] When the remote operation assistance server
10 receives the preparation request (YES in STEP 121
in FIG. 7), the first assistance processing element 101
requests the information about the distance between the
second work machine 40B and the cooperative work ma-
chine 50 to the second work machine 40B (STEP 117 in
FIG. 7). Onthe other hand, when the determination result
is negative (NO in STEP 121 in FIG. 7), the first assist-
ance processing element 101 repeats the determination
process in STEP 121.

[0084] When the second work machine 40B receives
the distance information request (YES in STEP 414 in
FIG. 7), the actual machine control device 400 acquires
the information about the distance between the second
work machine 40B and the cooperative work machine 50
(hereinafter also referred to as distance information, etc.,
as appropriate). On the other hand, when the determi-
nation result is negative (NO in STEP 414 in FIG. 7), the
actual machine control device 400 repeats the determi-
nation process.

[0085] Here, for the distance information, the cooper-
ative positioning device 416 (for example, a cameraor a
sensor such as the actual machine imaging device 412)
measures the distance between the second work ma-
chine 40B and the cooperative work machine 50, and
thereby the actual machine control device 400 acquires
the distance information (STEP 415 in FIG. 7).

[0086] Although an example in which the distance in-
formation is acquired by using the cooperative position-
ing device 416 (a camera or a sensor such as the actual
machine imaging device 412) is shown, examples of ac-
quisition of the distance information are not limited to the
example described. For example, when a camera or a
sensor is arranged in the work site where the second
work machine 40B is present, the first assistance
processing element 101 can use the camera and the sen-
sor or one of these to identify the positions of the work
machine 40 and the cooperative work machine 50, and
compute the distance between the coordinates where
the second work machine 40B is present and the coor-
dinates where the cooperative work machine 50 is
present to acquire the distance information.

[0087] Moreover, there may be an example, in which
when the cooperative work machine 50 is mounted with
a positioning device (for example, a GNSS receiver) that
detects the position of the cooperative work machine 50,
the first assistance processing element 101 acquires the
distance information by computing the distance between
the coordinates where the second work machine 40B is
present and the coordinates where the cooperative work
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machine 50 is present, based on the position information
on the second work machine 40B measured by the actual
machine positioning device 414 and the position infor-
mation on the cooperative work machine 50 measured
by the positioning device included in the cooperative work
machine 50.

[0088] For the position information on the second work
machine 40B, the actual machine positioning device 414
(for example, the GNSS receiver) acquires information
about the coordinate position of the second work ma-
chine 40B (for example, the world coordinate position in
the GNSS). Then, the actual machine control device 400
transmits the information about the coordinate position
to the remote operation assistance server 10 through ac-
tual machine wireless communication device 422. This
allows the remote operation assistance server 10 to ac-
quire the position information on the second work ma-
chine 40B.

[0089] Although an example in which the information
about the coordinate position of the second work ma-
chine 40B is acquired using the position of the world co-
ordinates in the GNSS has been shown, examples of the
remote operation assistance server 10 acquiring the in-
formation about the coordinate position of the second
work machine 40B are not limited to this example. As
another example of the remote operation assistance
server 10 acquiring the position information on the sec-
ond work machine 40B, the database 110 may store and
retain local coordinates regarding the work site of the
second work machine 40B in advance, and the actual
machine positioning device 414 may measure which co-
ordinates the second work machine 40B is located in a
local coordinate system.

[0090] Meanwhile, for the position information on the
cooperative work machine 50, the cooperative position-
ing device 416 acquires information about the coordinate
position of the cooperative work machine 50 (for exam-
ple, the position of the world coordinates in the GNSS).
Then, the cooperative control device transmits the infor-
mation about the coordinate position to the remote op-
eration assistance server 10 through a cooperative wire-
less communication device. This allows the remote op-
eration assistance server 10 to acquire the position in-
formation on the cooperative work machine 50.

[0091] Although an example in which the information
aboutthe coordinate position of the cooperative work ma-
chine 50 is acquired using the world coordinate position
in the GNSS has been shown, examples of the remote
operation assistance server 10 acquiring the information
aboutthe coordinate position of the cooperative work ma-
chine 50 are not limited to the example described. As
another example of the remote operation assistance
server 10 acquiring the position information on the coop-
erative work machine 50, the database 110 may store
and retain local coordinates regarding the work site of
the cooperative work machine 50 in advance, and the
positioning device included in the cooperative work ma-
chine 50 may measure the position of the coordinates
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where the cooperative work machine 50 is located in the
local coordinates.

[0092] As mentioned above, the first assistance
processing element 101 may acquire the distance infor-
mation by comparing the coordinates where the second
work machine 40B is present with the coordinates where
the cooperative work machine 50 is present and comput-
ing the distance between both the coordinates.

[0093] When the work machine 40 acquires the dis-
tance information, the actual machine control device 400
transmits the distance information to the remote opera-
tion assistance server 10 through the actual machine
wireless communication device 422 (STEP 416 in FIG.
7).

[0094] In the remote operation assistance server 10,
when the first assistance processing element 101 ac-
quires distance information (YES in STEP 118 in FIG.
7), the first assistance processing element 101 deter-
mines whether or not the cooperative work machine 50
enters the reference area (STEP 119 in FIG. 7). On the
other hand, when the determination result in STEP 118
is negative (NO in STEP 118 in FIG. 7), the first assist-
ance processing element 101 repeats the process prior
to the determination process.

[0095] In STEP 119, the first assistance processing
element 101 reads the schedule information from the da-
tabase 110, and determines whether or not the cooper-
ative work machine 50, which is a work machine that
performs work in cooperation with the second work ma-
chine 40B, moves into a reference area AR from the out-
side during a period from the start time to the end time
of the first work performed by the first work machine 40A,
the reference area AR being determined based on the
position where the second work machine 40B is present.
[0096] For example, as shown in FIG. 8A, when the
cooperative work machine 50 is located out of the refer-
ence area AR in the case where the second work ma-
chine 40B performs an excavation work (NO in STEP
119 in FIG. 7), the first assistance processing element
101 repeats the determination process.

[0097] In this case, as shown in FIG. 8B, the first as-
sistance processing element 101 may transmit to the re-
mote operation device 20 a command to divide and dis-
play an environment image of the work site, taken by the
actual machine imaging device 412 included in the sec-
ond work machine 40B, on the central image output de-
vice 2210, the left-side image output device 2211, and
the right-side image output device 2212. In this case,
since the second work machine 40B does not perform
preparation control (turning), part of the work target area
80 in the second work machine 40B (for example, a sand
mound 80C) is not photographed.

[0098] On the other hand, as shown in FIG. 9A, when
the cooperative work machine 50 moves into the refer-
ence area AR from the outside in the case where the
second work machine 40B performs a loading work (YES
in STEP 119 in FIG. 7), the first assistance processing
element 101 transmits to the second work machine 40B
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a preparation signal (for example, a command signal to
drive the lower traveling body 450 so as to retreat the
second work machine 40B or to turn the upper turning
body 460 so as to direct the actuating mechanism 440
in the direction where excavation of the channel 80B is
scheduled for excavation of the work target area 80 (for
example, the channel 80B)) (STEP 124 in FIG. 7).
[0099] In the second work machine 40B, when the ac-
tual machine control device 400 receives the preparation
signal, (YES in STEP 431 in FIG. 7), preparation control
(STEP 432 in FIG. 7) is started in the second work ma-
chine 40B as shown in FIG. 9B, so that the second work
machine 40B drives the lower traveling body 450 to re-
treat the second work machine 40B or turns the upper
turning body 460 so as to direct the actuating mechanism
440 in the direction where excavation of the channel 80B
is scheduled.

[0100] In this case, as shown in FIG. 9B, the first as-
sistance processing element 101 may transmit to the re-
mote operation device 20 a command to divide and dis-
play an environment image of the work site, taken by the
actual machine imaging device 412 included in the sec-
ond work machine 40B, on the central image output de-
vice 2210, the left-side image output device 2211, and
the right-side image output device 2212. In this case,
since the second work machine 40B performs prepara-
tion control (turning), the channel 80B is photographed
and the channel 80B is displayed on the central image
output device 2210. The cooperative work machine 50
is also displayed on the left-side image output device
2211.

[0101] When the preparation for the work is finished,
the work machine 40 transmits a preparation end signal,
which is a signal including a signal of notifying the oper-
ator of the completion of the preparation for the work, to
the remote operation assistance server 10 through the
actual machine wireless communication device 422
(STEP 433 in FIG. 7).

[0102] In the remote operation assistance server 10,
when the first assistance processing element 101 re-
ceives the preparation end signal (YES in STEP 125 in
FIG. 7), the first assistance processing element 101
transmits the preparation end signal to the remote oper-
ation device 20. Meanwhile, when the determination re-
sult is negative (NO in STEP 125 in FIG. 7), the first as-
sistance processing element 101 repeats the determina-
tion process in STEP 125.

[0103] In the remote operation device 20, when the
remote control device 200 receives the preparation end
signal (YES in STEP 233 in FIG. 7), the remote control
device 200 performs preparation end display control that
is control for notifying the operator of the information
about the completion of the preparation for the work per-
formed by the work machine 40 (STEP 234 in FIG. 7).
On the other hand, when the determination resultis neg-
ative (NO in STEP 233 in FIG. 7), the remote operation
device 20 repeats the determination process in STEP
233.
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[0104] The remote operation assistance device 100
and remote operation assistance system according to
the present invention are also applicable to such cases.
When the notification control (STEP 214 in FIG. 5) is
performed in the remote operation device 20, the oper-
ator can interrupt the first work using the first work ma-
chine 40A and gets to the second work using the second
work machine 40B. As shown in FIG. 9B, the cooperative
work machine 50 is displayed on the left-side image out-
put device 2211 when the notification control (STEP 214
in FIG. 5) is performed, which ensures that the operator
can recognize the timing of getting to the second work
using the second work machine 40B.

[0105] When the operator returns to the first work per-
formed using the first work machine 40A after the com-
pletion of the second work using the second work ma-
chine 40B (an operation to excavate the channel 80B
using the actuating mechanism 440 and to load the ex-
cavated soil and sand into the cooperative work machine
50), the remote operation device 20 determines whether
or not the first work is in operation again (STEP 231 in
FIG. 7). Thus, the remote operation assistance device
100 can perform, as the operation schedule of the work
machines 40, the first work (a slope formation work) per-
formed by the first work machine 40A after 13:00 and the
second work (for example, a loading work sometimes
performed by the operator interrupting the first work) per-
formed by using the second work machine 40B.

[0106] Moreover, the first assistance processing ele-
ment 101 does not transmit a preparation signal to the
second work machine 40B during a period until the co-
operative work machine 50 moves into the reference area
AR from the outside. Accordingly, when the operator in-
terrupts the first work performed by using the first work
machine 40A in an optional timing and performs a work
other than the second work using the second work ma-
chine 40B, the second work machine 40B is kept in the
position or the attitude when the second work is inter-
rupted, so that the operator can operate the second work
machine 40B without any discomfort. After the coopera-
tive work machine 50 moves into the reference area AR
from the outside, the first assistance processing element
101 transmits the preparation signal to the second work
machine 40B to set the second work machine 40B in a
preparation attitude. This allows the operator to smoothly
get to the second work performed by using the second
work machine 40B.

[0107] In the above embodiment, as the example of
the first assistance processing element performing the
preparation control, there is shown an example in which
the first assistance processing element determines
whether or not the cooperative work machine 50 moves
into the reference area AR from the outside, and when
the determination is affirmative, the first assistance
processing element transmits a preparation signal to the
second work machine 40B. However, examples of the
first assistance processing element performing the prep-
aration control are not limited to this example. As another
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example of the first assistance processing element per-
forming the preparation control, the reference area AR
may include a first reference area AR1 and a second
reference area AR2 that is set outside the reference area
ARH1, the first assistance processing element may deter-
mine whether or not the cooperative work machine 50
moves into the first reference area AR1 from the second
reference area AR2, and when the decisionis affirmative,
the first assistance processing element may perform con-
trol to transmit a target preparation signal that is a signal
different from the preparation signal.

[0108] For example, as shown in FIG. 10, when the
cooperative work machine 50 is located within the second
reference area AR2 in the case where the second work
machine 40B performs the work of excavating the chan-
nel 80B and loading the excavated soil and sand, the
second work machine 40B drives the lower traveling body
450 to retreat the second work machine 40B or turns the
upper turning body 460 so as to direct the actuating
mechanism 440 in the direction where the work target
area 80 (for example, the channel 80B, the sand mound
80C) is located.

[0109] Then, as shown in FIG. 11, when the coopera-
tive work machine 50 moves into the first reference area
AR1 from the second reference area AR2, the first as-
sistance processing element transmits a target prepara-
tion signal to the second work machine 40B.

[0110] For example, the target preparation signal is a
control signal to extend the boom 441, the arm 443, and
the bucket 445 so as to ground the bucket 445 at the
position where the channel 80B is scheduled to be ex-
cavated.

[0111] As a result, as shown in FIG. 11, the second
work machine 40B waits with the actuating mechanism
440 facing a scheduled position of excavating the chan-
nel 80B, which allows the operator to immediately get to
the loading work. This allows the operator to immediately
get to the work as compared with the case of performing
the work by operating an unprepared second work ma-
chine 40B, so that work efficiency can be enhanced.
[0112] The remote operation assistance device 100
and the remote operation assistance system according
to the presentinvention are also applicable to such cases.
[0113] Inthe above embodiment, an example is shown
in which the reference area AR is determined as a circle
based on the position where the second work machine
40B is present. However, the method of determining the
reference area is not limited to the example described.
[0114] For example, as shown in FIG. 12, as another
example of the method of determining the reference area
AR, the reference area AR may be set to have a shape
eccentrically expanding from the position where the sec-
ond work machine 40B is present toward an entrance of
a work site where the cooperative work machine 50
comes in and out to work in cooperation with the second
work machine 40B.

[0115] According to such configuration, the reference
area AR has a shape eccentrically expanding toward the
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entrance of the work site, and therefore the entrance that
is a most likely entry point of the cooperative work ma-
chine 50 in the work site is reliably included in the refer-
ence area, and other parts of the reference area AR are
set to be narrower. This make it possible to set a reason-
able reference area AR. Hence, it is possible to reduce
the probability of erroneously recognizing the work ma-
chine 40 not related to the preparation control as the co-
operative work machine 50, and to thereby reduce the
probability that the preparation control of the second work
machine 40B is started due to erroneous recognition, so
that the work efficiency can be enhanced.

[0116] Inthe above embodiment,anexample hasbeen
shown in which the first assistance processing element
101 transmits a preparation signal to the work machine
40 when the cooperative work machine 50 moves into
the reference area AR from the outside. However, exam-
ples of the first assistance processing element 101 trans-
mitting the preparation signal to the work machine 40 are
not limited to this example.

[0117] As another example of the first assistance
processing element 101 transmitting the preparation sig-
nal to the work machine 40, the first assistance process-
ing element 101 may transmit the preparation signal to
the second work machine 40B when the cooperative
work machine 50 moves to the outside of the reference
area AR from the inside, as shown in FIG. 13.

[0118] According to such configuration, the first assist-
ance processing element 101 transmits the preparation
signal to the second work machine 40B when the coop-
erative work machine 50 moves from the inside of the
reference area AR to the outside. Accordingly, after the
cooperative work machine 50 advances to carry the soil
and sand loaded on the loading platform, the second work
machine 40B can wait with the upper turning body 460
being turned so as to direct the actuating mechanism 440
to the channel 80B for restart of the excavation work.
This allows the operator to immediately get to the work
as compared with the case of performing the work by
operating an unprepared second work machine 40B, so
that work efficiency can be enhanced.

[0119] The remote operation assistance device 100
and the remote operation assistance system according
tothe presentinvention are also applicable to such cases.
[0120] Inthe above embodiment, an example is shown
in which the first assistance processing element 101
transmits the preparation signal to the second work ma-
chine 40B in accordance with the distance between the
second work machine 40B and the cooperative work ma-
chine 50. However, examples of the first assistance
processing element 101 transmitting the preparation sig-
nal are not limited to this example.

[0121] Forexample,there may be an example in which
the first assistance processing element 101 transmits the
preparation signal to the first work machine 40A in ac-
cordance with the distance between the first work ma-
chine 40A and the cooperative work machine 50.
[0122] The remote operation assistance device 100
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and the remote operation assistance system according
to the presentinvention are also applicable to such cases.
[0123] In the above embodiment, the work of excavat-
ing the channel 80B and loading the excavated soil and
sand into the cooperative work machine 50 is shown as
the second work performed using the second work ma-
chine 40B. However, examples of the second work are
not limited to this example.

[0124] Examples of the second work may include an
example of the work to unload carried objects that are
mounted on the loading platform of the cooperative work
machine 50. The carried objects, which are soil and sand
for example, are picked up and unloaded using the buck-
et.

[0125] The carried objects may also be structures (for
example, reinforcements). For example, the reinforce-
ments may be grasped and unloaded by using a grapple
that is an example of the actuating mechanism 440.
[0126] The remote operation assistance device 100
and the remote operation assistance system according
to the presentinvention are also applicable to such cases.
[0127] Inthe above embodiment, an example is shown
in which an example of the carried object mounted on
the loading platform of the cooperative work machine 50
is a structure. However, examples of the carried object
mounted on the loading platform of the cooperative work
machine 50 are not limited to this example.

[0128] There may be an example in which the carried
objectmounted on the loading platform of the cooperative
work machine 50 is timber. In this case, for example, the
timber mounted on the loading platform of the coopera-
tive work machine 50 is picked up and unloaded from the
loading platform of the cooperative work machine 50 by
being gripped and carried using the grapple as an exam-
ple of the actuating mechanism 440.

[0129] The remote operation assistance device 100
and the remote operation assistance system according
to the presentinvention are also applicable to such cases.
[0130] In the present invention, the first assistance
processing element preferably determines that the prep-
aration condition is satisfied when the current time is the
time that is before the start time of the work performed
by the work machine.

(Operational Effects)

[0131] According to such configuration, the first assist-
ance processing element determines whether or not a
preparation condition is satisfied based on the schedule
information including time. Accordingly, by the time the
operator starts to work, the work machine has already
moved to the position suitable for the work or is in an
attitude suitable for the work. This allows the operator to
immediately get to the work as compared with the case
of performing the work by operating an unprepared ma-
chine, so that work efficiency can be enhanced.

[0132] In the present invention, the first assistance
processing element preferably determines that the prep-
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aration condition is satisfied, when a period of time from
the start time to the end time of the first work stored in
the database includes the start time of a second work
stored in the database.

(Operational Effects)

[0133] According to such configuration, the database
stores the schedule informationincluding atleast the con-
tent of the first work that is the work performed by remote
operation of the first work machine, the start time of the
first work, the content of the second work that is the work
performed by remote operation of the second work ma-
chine, and the start time of the second work. The first
assistance processing element determines based on the
schedule information that the preparation condition is sat-
isfied, when a scheduled time period of the second work
stored in the database is included in a scheduled time
period of the first work stored in the database. Accord-
ingly, even in the case where an operator needs to per-
form the second work using the second work machine,
while performing the first work using the first work ma-
chine, the second work machine starts to be controlled
so as to move to the position suitable for the second work
in advance or to take an attitude suitable for the second
work in advance by the start time of the second work.
This allows the operator to immediately get to the second
work as compared with the case of performing the work
by operating an unprepared second work machine, so
that work efficiency can be enhanced.

[0134] In the present invention, the first assistance
processing element transmits to the work machine a
preparation signal that is a signal including a signal to
drive a lower traveling body of the work machine.

(Operational Effects)

[0135] According to such configurations, when the
preparation condition is satisfied, the first assistance
processing element transmits to the work machine a
preparation signal to drive the lower traveling body, so
that the work machine can move in advance to the posi-
tion suitable for the work by traveling. This allows the
work machine as a target of remote control to move to
the position suitable for the work in advance. Therefore,
the operator can immediately get to the work as com-
pared with the case of performing the work by operating
an unprepared machine, so that work efficiency can be
enhanced.

[0136] In the present invention, a preparation signal
that is a signal including a signal to turn the upper turning
body of the work machine is preferably transmitted to the
work machine.

(Operational Effects)

[0137] According to such configurations, when the
preparation condition is satisfied, the first assistance
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processing element transmits to the work machine a
preparation signal to turn the upper turning body, so that
the work machine can wait while facing in the direction
suitable for the work in advance. This allows the work
machine as a target of remote control to wait while facing
in the direction suitable for the work in advance. There-
fore, the operator can immediately get to the work as
compared with the case of performing the work by oper-
ating an unprepared machine, so that work efficiency can
be enhanced.

[0138] In the present invention, the first assistance
processing element preferably transmits a preparation
signal that is a signal including a signal to drive an actu-
ating mechanism of the work machine to the work ma-
chine.

(Operational Effects)

[0139] Accordingtosuch configuration, when the prep-
aration condition is satisfied, the first assistance process-
ing element transmits to the work machine a preparation
signal to drive the actuating mechanism, so that the work
machine can wait in an attitude suitable for the work by
actuating the actuating mechanism in advance. This al-
lows the work machine as a target of remote control to
wait while taking an attitude suitable for the work in ad-
vance. For example, to make the work machine wait in
a safer attitude, a preparation signal may be transmitted
such that the work machine waits in an attitude with the
bucket being grounded. For example, to get to the work
more quickly, a preparation signal may be transmitted
such that the work machine waits in an attitude with the
bucket being lifted up. Hence, the operator can immedi-
ately get to the work as compared with the case of per-
forming the work by operating the work machine not in
the attitude suitable for work in advance, so that work
efficiency can be enhanced.

[0140] In the present invention, the first assistance
processing element preferably determines that the prep-
aration condition is satisfied, when a cooperative work
machine thatis a machine to perform work in cooperation
with a second work machine moves into areference area
thatis determined based on a position where the second
work machine is present from outside, the second work
machine being set as an occasional target of remote op-
eration by interrupting the remote operation of the first
work machine by the operator.

(Operational Effects)

[0141] According to such configuration, the first assist-
ance processing element determines that the prepara-
tion condition is satisfied when the cooperative work ma-
chine moves into the reference area from the outside.
Accordingly, even when the cooperative work machine
comes closer to the second work machine during a time
period other than the time period when the work is sched-
uled to be performed, the second work machine starts to
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be controlled so as to move to the position suitable for a
cooperative work in advance or to take an attitude suit-
able for the cooperative work in advance. This allows the
operator to immediately get to the second work as com-
pared with the case of performing the second work by
operating an unprepared second work machine, so that
work efficiency can be enhanced.

[0142] In the present invention, the first assistance
processing element preferably determines that the prep-
aration condition is satisfied, when a cooperative work
machine thatis a machine to perform work in cooperation
with the second work machine moves into the reference
area that is determined based on the position where the
second work machine is present from the outside, during
aperiod of time from starttime to end time of the firstwork.

(Operational Effects)

[0143] According to such configuration, the first assist-
ance processing element determines that the prepara-
tion condition is satisfied, when the cooperative work ma-
chine moves into the reference area that is determined
based on the position where the second work machine
is present from the outside during a period of time from
the start time to the end time of the first work. Conse-
quently, even in the case where the cooperative work
machine moves closer to the second work machine while
the operator is performing the first work, the operator
continuously performs the first work, while the second
work machine moves to the position suitable for the sec-
ond work in advance or takes an attitude suitable for the
second work in advance. Therefore, the operator can
continue the first operation until immediately before the
time point of getting to the second work. Therefore, the
operator can continue the first work until immediately be-
fore the time point of getting to the second time, and then
starts the second work by switching the operation to the
prepared second work machine. This allows the operator
to work more efficiently.

[0144] Therefore, even in the case where the second
work machine is unable to move to the position suitable
for the second work by the start time of the second work
machine, the second work machine can still move to the
position as suitable as possible for the second work. Also,
even in the case where the second work machine is un-
able to take an attitude suitable for the second work by
the start time of the second work machine, the second
work machine can still take an attitude as suitable as
possible for the second work. This allows the operator to
get to the second work just a little earlier as compared
with the case of performing the second work by operating
a second work machine not prepared at all, so that work
efficiency can be enhanced.

[0145] In the present invention, the reference area is
preferably set to have a shape eccentrically expanding
from the position where the second work machine is
present toward an entrance of a work site where the co-
operative work machine comes in and out to work in co-
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operation with the second work machine.
(Operational Effects)

[0146] According to such configuration, the reference
area has a shape eccentrically expanding toward the en-
trance of the work site, so that the entrance that is a most
likely entry point of the cooperative work machine in the
work site is reliably included in the reference area, and
other parts of the reference area are set to be narrower.
This make it possible to set a reasonable reference area.
Hence, it is possible to reduce the probability of errone-
ously recognizing the work machine that is not related to
the preparation control as the cooperative work machine,
and to thereby reduce the probability that the preparation
control of the second work machine is started due to er-
roneous recognition. As a result, the work efficiency can
be enhanced.

[0147] In the present invention, the remote operation
assistance device preferably includes a second assist-
ance processing element, and the second assistance
processing element preferably executes the process of
recognizing an operating mode of a remote operation
mechanism that is operated for remote operation of the
work machine and transmitting a remote operation com-
mand corresponding to the operation mode.

(Operational Effects)

[0148] According to such configuration, the work ma-
chine is remotely operated in accordance with the oper-
ating mode of the remote operation mechanism. This al-
lows the operator to actually perform remote operation
of the work machine prepared in a second assistance
process by the second assistance processing element.
This allows the operator to immediately get to the work
as compared with performing the work by operating an
unprepared machine, so that work efficiency can be en-
hanced.

Reference Signs List

[0149] 10 ...remote operation assistance server,
20 ..remote operation device, 40 ..work machine,
40a ...first work machine, 40b ...second work machine,
50 ...cooperative work machine, 100 ...remote operation
assistance device, 101 .. first assistance processing el-
ement, 102 ...second assistance processing element,
110 ...database, 122 ...server wireless communication
device, 450 ... lower traveling body, 460 ...upper turning
body, 440 ...actuating mechanism, AR ...reference area,
211 ... remote operation mechanism.

Claims

1. Aremote operation assistance device used for exe-
cution of control to cause a first work machine, as a
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target of remote operation by an operator, to start a
preparation for work to be performed by the first work
machine, the remote operation assistance device
comprising a first assistance processing element,
wherein

the first assistance processing element is configured
toexecute a firstassistance process thatis a process
of acquiring schedule information that is information
including a content of a first work that is the work
performed by the first work machine from a database
storing the schedule information, determining based
on the schedule information whether or not a prep-
aration condition is satisfied, the preparation condi-
tion being a condition for causing the first work ma-
chine to start the preparation for the first work, and
transmitting, when the determination is affirmative,
a preparation signal thatis a control signal for starting
the preparation for the first work to the first work ma-
chine.

The remote operation assistance device according
to claim 1, wherein

the first assistance processing element determines
that the preparation condition is satisfied when cur-
rent time is before start time of the first work.

The remote operation assistance device according
to claim 1 or 2, wherein

the first assistance processing element determines
that the preparation condition is satisfied, when a
period of time from start time to end time of the first
work stored in the database includes start time of a
second work stored in the database.

The remote operation assistance device according
to any one of claims 1 to 3, wherein

the first assistance processing element transmits to
the first work machine a preparation signal that is a
signal including a signal to drive a lower traveling
body of the first work machine.

The remote operation assistance device according
to any one of claims 1 to 4, wherein

the first assistance processing element transmits to
the first work machine a preparation signal that is a
signalincluding a signal to turn an upper turning body
of the first work machine.

The remote operation assistance device according
to any one of claims 1 to 5, wherein

the first assistance processing element transmits to
the first work machine a preparation signal that is a
signal including a signal to actuate an actuating
mechanism of the first work machine.

The remote operation assistance device according
to claim 1, wherein
the first assistance processing element determines
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that the preparation condition is satisfied, when a
cooperative work machine that is a machine to per-
form work in cooperation with a second work ma-
chine moves into a reference area that is determined
based on a position where the second work machine
is present from outside, the second work machine
being setas an occasional target of remote operation
by the operator interrupting the remote operation of
the first work machine.

The remote operation assistance device according
to claim 7, wherein

the first assistance processing element determines
that the preparation condition is satisfied, when the
cooperative work machine, that is a machine to per-
form work in cooperation with the second work ma-
chine, moves into the reference area that is deter-
mined based on the position where the second work
machine is present from outside, during a period of
time from start time to end time of the first work.

The remote operation assistance device according
to claim 7 or 8, wherein

the reference area is set to have a shape eccentri-
cally expanding from the position where the second
work machine is present toward an entrance of a
work site where the cooperative work machine
comes in and out to work in cooperation with the
second work machine.

The remote operation assistance device according
to any one of claims 1 to 9, comprising a second
assistance processing element, wherein

the second assistance processing element is con-
figured to execute a process for recognizing an op-
erating mode of a remote operation mechanism that
is operated for remote operation of the work machine
and transmitting a remote operation command cor-
responding to the operation mode.

A remote operation assistance method used for ex-
ecution of control to cause a first work machine, as
a target of remote operation by an operator, to start
a preparation for work to be performed by the first
work machine, the method comprising a first assist-
ance processing step of

acquiring schedule information that is informa-
tion including a content of a first work that is the
work performed by the first work machine from
a database storing the schedule information,
determining based on the schedule information
whether or not a preparation condition is satis-
fied, the preparation condition being a condition
for causing the first work machine to start prep-
aration for the first work, and

transmitting, when the determination is affirma-
tive, a preparation signal that is a control signal
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30

for starting the preparation for the first work to
the first work machine.
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FIG.8A

REFERENCE AREA AR
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FIG.10

\
FIRST REFERENCE AREA AR1

\
SECOND REFEREMNCE AREA ARZ
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FIG.11

FIRST REFERENCE AREA ART

1

i
SECOND REFERENCE AREA AR2
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